In a previous study the authors introduced a new dualparameter scale, the strength (SA) and the soft (GA) factors of an aqueous metal ion (MZ+), into the HSAB (hard and soft acids and bases) principle', which was successfully applied in the design of a separation scheme of In"' from Ga"' by chelate extraction; thus, the most effective chelating agent for the above-mentioned separation could be predicted on the basis of the HSAB principle.2 This approach was extended to group separations of Cu", Fe" and Ga" from Al" (matrix) by .a single chelate extraction. 3 It would also be very interesting within the scope of analytical chemistry to clarify the factors which influence the selectivity of a chelating agent used in solvent extraction.
In this paper, the selection of proper chelating agents for the mutual separation of metal ions is discussed on the basis of the HSAB principle.
The extraction constants for a metal chelate (KeX) were rationalized by the HSAB principle', 
At first, in order to estimate the reactivity of a proper chelating agent, it is assumed that the formation of more than 10-10 mol dm 3 of MR2 in the presence of 1 mol dm 3 of R-and MZ+ is the condition for a metal ion to react with anions of a chelating agent, because below 10-10 mol dm 3 of MR2 can hardly be detected, even when using a radioactive tracer. Equation (6) is then rewritten as SASB + QAQB ? -l0. Equation (7) gives (7) and -10 SASB UA UB -U B .
(8)
Here, LSh, R, LH f and T denote the hydration entropy of a metal ion, the gas constant, the heat of formation of an aqueous metal ion, and the absolute temperature, respectively. Now, SA and GA for metal ions can be calculated based on the reported data.a, 5 The corriplexation of a metal ion with anions of a
Since the values of SB and GB for common chelating agents are known', Eq. (8) can be expressed by a QA-SA diagram ( Fig. 1) , in which case the hydrolysis of a metal ion is neglected for simplicity. Figure 1 shows that 8-quinolinol and TTA (4,4,4-trifluoro-l-(2-thienyl)-1,3-butanedion) react with all of the metal ions listed in Fig. 1 , indicating that both chelating agents have poor selectivity for these metal ions. On the other hand, dithizone (3-mercapto-l,5-diphenylformazan) and STTA
(1 , 1 , 1-trifluoro-4-mercapto-4-(2-thienyl)-3-butane-2-one) cannot react with hard metal ions, except for Mn2+, which agrees with the experimental results.6 Here, Lit, Nat, K+ and Bee, which cause strong hydrations cannot be extracted with dithizone and STTA, although the metal ions are located on the line given in Fig, 1 . The above results suggest that the selectivity of dithizone and STTA towards a soft metal ion is higher than that of 8-quinolinol and TTA. In Fig. l we can notice that plots for hard metal ions have horizontal distributions within their groups, such as alkali or alkaline earth, while those of rather softer ions, such as Zn2+, Cd2+, Sn2+, Cu2+ and Hg2+, show vertical ones. Therefore, for the mutual separation of harder ions, the selection of a chelating agent having a steeper slope in Fig. l is preferable. Such a chelating agent has a smaller GB and a larger SB, judging from Eq. (8). On the other hand, a chelating agent used to separate rather softer metal ions from each other should have large GB and small SB values, because such a chelating agent has a small slope in Fig, 1 . It is able to separate them based on the deference in the QA values.
Next, in order to discuss the possibility of the mutual separation of metal ions, it is assumed that the extraction of a metal ion (MZ+) with a chelating agent (HR) proceeds according to MZ+ 
The following equation is derived from Eqs. (1) and (10) 
Equations (12) and (13) suggest that the possibility of the quantitative separation of metal ions with a suitable chelating agent can be estimated by using a QA-SA diagram. Figure 2 shows an example in which dithizone (pKa=4.47') is used to separate divalent metal ions. In this instance, arbitrary conditions were selected ([HR]org 1x10-4 mol dm 3, pH=O, 6), although the intercept of Eqs. (12) and (13) varies according to the experimental conditions. In Fig. 2 , the solid and broken lines indicate log D=2 and log D=-2 in the experimental condition, respectively. Consequently, the separation of Cu2+ and Hg2+ from other metal ions is expected to be feasible under the condition that pH=O, and that the separation of relatively soft metal ions (above Zn2+ in Fig. 2 ) from hard ones can be expected under the condition that pH=6. The above prediction agrees with the experi- Curves were obtained from Eq. (8). 
